In a study of some of the factors affecting the formation of protein films on collodion membranes,' it was found that the amounts of protein adhering to the membranes varied with the pH in a way similar, in the case of gelatin, to the variation of the fluidity of the protein solutions with the pH. The connection between the viscosity of gelatin solutions and the swelling of gelatin particles had been clearly brought out by Loeb2 Dr. Northrop suggested to the writer that it would be of interest to determine whether gelatin and other proteins, when deposited as films on collodion membranes, would exhibit a rise and fall of swelling in acid or alkali, as do granules of gelatin. This has been found to be the case.
The membranes were prepared on mercury by the method already described,' about 2 hours being allowed for the evaporation of the solvents through the cardboard case. These membranes were of the most permeable of the types studied in the previous experiments. They were cut into disks 3.81 cm. in diameter, and were coated with protein by being soaked overnight, at 30°C., in the protein solutions. In each case 3 disks were kept overnight at 30°C. in 25 cc. of the solution contained in a wide-mouthed 50 cc. Erlenmeyer flask, and /n these experiments the flasks were not agitated. The disks from each flask were washed 8 times with about 300 cc. of water at 30°C. The I Hitchcock, D. I., J. Gen. Physiol., 1925-26, viii, 61. ~Loeb, 7 ., Proteins and the theory of colloidal behavior, New York and London, 2nd edition, 1924. 179 weights of the disks, with and without protein, were determined after drying overnight at 100°C. The swelling of the protein on the membranes was studied by measuring the rate of flow, under known pressure, of water and other solutions through the protein-coated membranes in the apparatus previously used, ~ which is similar to that of Bartell and Carpenter. 3 The membrane was bathed on both sides by the solution under investigation, which was forced through the membrane by a constant pressure of mercury. The area of membrane exposed to the liquid was circular, its diameter being 2.2 cm. The rate of flow was measured with the aid of a stop-watch and a ram. scale, by observing the movement of a meniscus in a horizontal tube 0.0760 cm. in diameter. The data were reduced to c.g.s, units and are given in terms of the permeability, Q, which may be defined as the number of cc. of liquid flowing in 1 second through 1 sq. cm. of membrane under a pressure of 1 dyne per sq. cm. The temperature varied from 19 to 24°C. in different experiments.
It was found that solutions of HCI or NaOH up to 0.1 • flowed through membranes which had not been coated with protein at the same rate as water. Hence the differences observed with the protein-coated membranes are to be ascribed to an effect of the electrolyte on the protein rather than on the collodion.
Each experiment was carried out with a single disk of membrane, the determinations being made in the order of increasing concentrations of acid or alkali. Since the different membranes were not all alike, the data of the different experiments are not quantitatively comparable. Table I shows the effect of different concentrations of HCI on the permeability of a membrane which had been soaked in a 4 per cent solution of isoelectric gelatin. At the end of the experiment 1.0 M NaC1 was forced through the membrane, and this was finally displaced with water, which brought the permeability back nearly to the starting point. The experiment shows that while the acid solutions removed very little gelatin from the membrane, they changed the permeability in the direction to be expected if the effect of the acid were on the swelling of gelatin particles. Table II shows a similar experiment with N a 0 H . Determinations were not made in concentrations above 0.1 M because the alkali attacked the membranes so that they burst under pressure. The changes in permeability are again opposite in direction to the changes in swelling observed b y Loeb. It was found by experiments with HC1 and N a O H solutions containing also 0.1 ~ NaC1 that the permeability of similar membranes could be altered by p H even in the presence of salt. Table I I I shows the results obtained with a gelatin-coated membrane whose permeability was measured in solutions of the glycine-phosphate-acetate buffer described by Northrop and De Kruif. 4 These solutions contained 0.125 ~ total electrolyte; the p H values were obtained with the hydrogen electrode after the solutions had been used for the permeability measurements. The experiment shows that even in the presence of salt the p H exerts a considerable influence on the permeability, the latter being greatest in the vicinity of the isoelectric point of the protein. Measurements of the permeability of a gelatin-coated membrane in several solutions of HCI and H2SO, showed that the permeability was decreased less by H,SO, than by HC1 when the comparison was made at equivalent concentrations. The changes were of the same general nature as those in Table I , but the permeability in H2SO, was always somewhat higher than in HC1. This result is qualitatively in accord with the experiments of Loeb °-on the swelling of gelatin in acids, although the difference between the effects of the two acids appears to be less in the case of permeability than in the case of swelling. Another membrane was tested in a similar way with NaOH and Ba(OH)2. Again the result was qualitatively similar to the swelling experiments, the permeability being always higher in the presence of a divalent ion of opposite charge to that of the protein.
PERMEABILITY OF PROTEIN-COATED M E M B R A N E S
In order to determine whether the effects observed were confined to gelatin-coated membranes, a few determinations were made of the permeability in HC1 of membranes which had been soaked in solutions of egg albumin, edestin, euglobulin from ox serum, and serum albumin from horse serum. A single disk coated with each protein was used for permeability measurements in HC1 of the concentrations 0.001, 0.01, and 0.1 M. The amounts of adherent protein on the membranes used were 28 mg. of egg albumin, 4 mg. of edestin, 15 mg. of globulin, and 11 mg. of serum albumin. In every case the permeability was lowest in 0.01 M HC1. The egg albumin and edestin showed only small differences, but in the case of the serum proteins the effect was larger. With serum globulin the permeability in 0101 M HC1 was about two-thirds of that in the 0.001 or 0.1 M HC1, while with serum albumin and 0.01 • HC1 the permeability was less than half of the value obtained with the other two solutions.
SUM-MARY.
The permeability of gelatin-coated collodion membranes, as measured by the flow of water or of dilute solutions through the membranes, has been found to vary with the pH of the solutions. The permeability is greatest near the isoelectric point of the protein; with increasing concentration of either acid or alkali it decreases, passes through a minimum, and then increases. These variations with pH are qualitatively in accord with the assumption that they are due to swelling of the gelatin in the pores of the membrane, the effects of pH being similar to those observed by Loeb on the swelling of gelatin granules. Indications have been found of a similar variable permeability in the case of membranes coated with egg albumin, edestin, serum euglobulin, and serum albumin.
